We have used the binomial test to search for clusters of Auger events with energies greater than 60 EeV that deviate in an statistically significant way from the null hypothesis of an isotropic distribution. We have found a set of 11 clusters that fail the test when we restrict to significances lower than 0.0014. The centroids of these clusters are prime candidates to be correlated with single high-intensity astrophysical sources, i.e., repeaters, or regions of the sky with a high concentration of potential sources.
Introduction
The search for the sources of the most energetic cosmic rays was one of the main motivations to construct the Pierre Auger Observatory. Since 2004, the Auger Observatory has collected a large sample of events with energies greater than the GZK cutoff [1] . The energy spectrum of these events has been used to establish a suppression of the flux of cosmic rays above 4x10 19 eV [2] . The arrival directions of these events have been used to establish a correlation with the positions of AGNs [3, 4] located within a distance of 75 Mpc from the Earth.
We used the events with energies greater than 60 EeV to search for local anisotropies, i.e., points in the sky that show the highest statistically significant deviations from isotropy. We used the binomial test [5] to quantify the significances of these deviations, i.e., we estimate the probabilities that the data events are grouped in the observed 2-fold, 3-fold, 4-fold, 5-fold and 6-fold clusters as a consequence of random deviations from an assumed isotropic distribution, i.e., we took a fully isotropic distribution at all energy scales as our null hypothesis.
We searched for clusters of events with multiplicities in the 2-6 range that deviate maximally from the null hypothesis. We found 11 clusters that failed the test when we restrict to significances lower than 0.0014. All these clusters are confined in cones with half-cone angles ranging from 1.12 o to 2.88 o . These results are statistical conclusions based on our present data in a way independent of catalogues of candidate sources. 
Description of the statistical method
We use the binomial distribution [5] to calculate the statistical significance of the clusters of events observed in the arrival directions of the most energetic cosmic rays detected by the Auger Observatory up to the end of 2009 [6] . We assume an isotropic distribution as our null hypothesis; it is important to stress that isotropy is assumed for all energy scales. The binomial test is well suited for small samples and it incorporates in a natural way the dependence of the significance on the energy of the events.
Therefore, given a number of events N E observed with energies greater than E over the whole sky, the significance S is defined as the probability that N obs or more events are observed inside a cone with a half-cone angle equal to δ . This significance represents the probability that the given cluster results from a fluctuation of an isotropic distribution of the observed N E events with energies greater than E. The significance can be calculated from the following formula:
where p δ is the probability that a single event occurs inside the cone, under the same isotropic conditions. We evaluate the value of p δ by direct integration of the averaged field of view of the Auger Observatory, see Fig. 1 , over the cone "surface".
We apply the statistical test to look for clusters of events, with specific multiplicities ranging from 2 to 6, occurring in the data set with significant deviations from isotropy for all the events with energies greater than 60 EeV.
The specific procedure we used to find event clusters is the following:
1. Find all clusters of a given multiplicity in the range 2-6 among all the Auger events with E > 60 EeV.
2. Calculate the center of gravity of the cluster and the angle δ o from the centroid to the farthest event. If this angle is lower than 1.2 degrees we directly assigned this bottom value since this is the angular resolution of the Auger Observatory [7] .
3. Calculate the significance by using Eq. 2.1 with E equal to the minimum energy of the events in the cluster, E min .
4. Sort the clusters in increasing order of S.
5.
Remove clusters with at least one event in common starting from the top to the bottom of the above list, i.e., we systematically prioritize low values of S.
6. Keep only the clusters that have values lower than 0.0014=S background . This cutoff in the significance has been establish simulating isotropic events and this is explained in the next topic.
S background
For a given set of detected events there are so many combinations of 2-fold, 3-fold, 4-fold, 5-fold and 6-fold clusters however only a few are significant. In order to establish what is significant or not we proceed to generate 1000 sets of 69 isotropic events (number of events collected by the Auger Observatory up to the end of 2009 with energy grater than 60 EeV [6]), in each case it was calculated all significances of all doublets choosing only the ten most significant values in each case and filling with them a histogram. The S background =0.0014 was set from the mean value of the distribution of significances, see Table 1 : List of the clusters with significances lower than 0.0014 = S background found according to the procedure described in the method. The coordinates of the centroids are given in equatorial coordinates.
Results and discussion
We found 11 centroids of cluster events (Table 1) with significances lower than 0.0014 = S background with half-cone angles ranging from 1.12 o to 2.88 o . These points have high probability in the sky to search for sources in their near neighborhoods. The last centroid in the list (index 11) matches with the position of Centaurus A and also is the most significant. Moreover this method by itself associates 3 events to CenA and split out the centroids 2 and 6 (Figure 3) as separate sources despite they are very close, this is the most important conclusion of applying the method to the Auger ultra-energetic events.
